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ABSTRACT

A new technique to reduce the effect of quantization ncise in PCM
speech coding is proposed. The procedure consists of using dither noise
to ensure that the quantization errors can be modelled as additive
signal independent noise and then reducing this noise through the use of

a noise reduction system. The procedure is illustrated with examples.
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I. Introduction

Wideband speech coding systems typically rely on general waveform
coding techniques (1,2) such as instantaneous quantization (PCM) for
which the step size is fixed, any of a variety of forms of adaptive
quantization, and differential schemes such as delta modulation, adaptive
delta modulation, continuously variable slope delta modulation, etc.
Instantaneous quantization with fixed step sizes has the advantage that
the quantizer and coder are particularly straightforward although as the
step size increases the quantization effects become severe. In this
note we propose a new technique for reducing the effect of quantization
noise in PCM speech coding. As described in Section II, the procedure
consists of using dither noise to ensure that the quantization errors
can be modelled as additive signal independent noise and then reducing
this noise through the use of any of a variety of noise reduction systems.

The procedure is illustrated in Section III.

II. Procedure for Quantization Noise Reduction

For linear quantization, in which the step sizes are fixed and
equal, if the input signal fluctuates sufficiently and if the quantization
step size is small enough, the quantization error can be modelled as
additive uniformly distributed white noise that is statistically un-
correlated with the signal.(3) When the step size becomes sufficiently

large, the quantization error becomes signal dependent. For such cases,
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however, it is well known (4,5,6) that through the use of '"dither"
noise, as illustrated in Figure 1, the quantization error can be replaced

by white noise which is uniformly distributed and statistically independent

of the signal. In this system, z(n) is a pseudo-random, uniformly

distributed, white noise sequence with the probability density function

(1)
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where A is the quantizer step size. A similar technique (4) has been
used in image processing to remove the contouring effect evident in
uniform image quantization.
For nonuniform, fixed quantization with dither noise the quantizer

can be represented conceptually in the form of Figure 2 where F[.] is a

E || 2 . \ ¥ . . .
| specified nonlinearity. In the implementation of a nonuniform quantizer
in the form of Figure 2 the quantization effects are additive white

noise prior to the nonlinearity F'l[.].

In this note we propose a system to reduce the effects of quantiza-
tion noise for general nonuniform quantization systems of the form of
Figure 2. The system exploits the fact that in the system of Figure 2,
the quantization error is at an intermediate stage as additive, white,
signal independent noise. Recently, a number of procedures have been
proposed and developed for the enhancement of speech degraded by additive
uncorrelated background noise. Our procedure for reducing the effects

of quantization then corresponds to inserting a noise reduction system
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into the system of Figure 2 as indicated in Figure 3. The sequences
x(n) and s(n) in the figure represent an estimate of x(n) and s(n). A
system similar to Figure 3 was considered by Lim [7] in reducing the

quantization noise in the context of PCM image coding.

II1. Examples

We illustrate the characteristics of the system of Figure 3 through

an example in which uniform quantization is assumed so that the nonlinearity

F[.] is eliminated. The noise reduction system used is the RLMAP (Revised
Linearized Maximum A Posteriori Estimation) speech enhancement system
(8,9).

In Figure 4(a) is shown a segment of noise-free voiced speech. In
Figure 4(b) is shown the speech waveform of Figure 4(a) coded by a PCM
system with a 2-bit uniform quantizer. The effect of quantization is
quite visible in the stair-case shape of the waveform. In Figure 4(c)
is shown the result of adding dither noise in a PCM system with a 2-bit
uniform quantizer. In Figure 4(d) is shown the result obtained by
applying the RLMAP speech enhancement system to the waveform in Figure
4(c).

Figures 5 and 6 illustrate the procedure as carried out on the
sentence '"'line up at the screen door" spoken by a male speaker. In
Figure 5(a) is shown the spectrogram of the original sentence. Figures

5(b),(c) and (d) correspond to spectrograms of the speech in Figure 5(a)
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Fig, 4(a-d). a) A segment of voiced speech. b) Speech waveform of Fig. 4(a)
g coded by a PCM system with a 2-bit uniform quantizer. c¢) Results of using
: pseudo-random noise for the speech waveform of Fig. 4(a) in a PCM system with |
§ a 2-bit uniform quantizer. d) Result of application of a noise reduction !
system to the waveform of Fig. 4(c). i
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ﬁased on PCM coding, PCM coding with dither noise, and PCM coding with
dither noise followed by the RLMAP speech enhancement system respectively.
The PCM coding system used in Figure 5 is again a 2-bit uniform quantizer.
Figures 6(a), (b) and (c) are essentially the same as Figures 5(b), (c)
and (d) with the difference that the PCM system used is a 4-bit uniform
quantizer. It is clear from the examples that the quantization noise is

noticeably reduced.

IV. Conclusions

In this note we have proposed a system for reducing the effects of
quantization noise through the use of a noise reduction system. Pre-
liminary examples support the basic hypothesis and are extremely
encouraging. While the basis for the procedure is associated with
fixed, nonuniform quantization it is speculated that it can be generalized
to other quantization schemes such as differential quantization. Further-
more it is well known that in speech enhancement systems, there is
potential benefit if the undegraded speech signal is available for
preprocessing prior to insertion of the additive noise. This suggests
that the system of Figure 3 can potentially be generalized to allow for

such preprocessing immediately following or prior to the first non-

linearity.
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